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IgG3 cryoglobulins in autoimmune MRL-lpr/lpr
mice: immunopathogenesis, therapeutic
approaches and relevance to similar human
diseases
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Abstract
MRL-lprllpr mice spontaneously develop
an autoimmune disease resembling
systemic lupus erythematosus and
rheumatoid arthritis. One of the unique
serological abnormalities in this strain is
remarkably high concentrations of
cryoglobulins. Analysis of immunoglob-
ulin components in their cryoglobulins
has shown selective enrichment of a
particular IgG subclass, IgG3. As IgG3
enrichment is also found in two other
cryoglobulins, which are induced after
injection with bacterial lipopolysac-
charides or infection with malaria, IgG3
apparently represents a major source of
murine cryoglobulins. Studies on murine
IgG3 monoclonal antibodies (mAbs) have
clearly shown that murine IgG3 have the
unique physicochemical property to self
associate through non-specific IgG3 Fc-Fc
interaction, and that most of them can
generate monoclonal cryoglobulins. Most
strikingly, IgG3 monoclonal cryoglobulins
with rheumatoid factor (RF) activity
induce extensive pathological manifes-
tations: skin vascular purpura and
glomerulonephritis with 'wire loop'
lesions. Although the cryoglobulin activity
of IgG3 RF mAb is solely responsible for
the generation of glomerular lesions (both
RF and cryoglobulin activities are
necessary for skin vascular lesions), the
absence of nephritogenic activity by some
IgG3 cryoglobulins supports the idea that
qualitative features of cryoglobulins are
critical to determine their pathogenic
activity. The demonstration of a positive
correlation between the production of
IgG3 cryoglobulins and the development
of lupus nephritis in MRL-lpr/lpr mice
further substantiates the pathological
importance of cryogenic autoantibodies.
On the other hand, it should be
emphasised that non-cryogenerating IgG3
autoantibodies may not be harmful, but
even protective, as a result of their
interaction with pathogenic IgG3
cryoglobulins. Finally, the development of
an experimental model of cryoglob-
ulinaemia associated with vascular and
glomerular disease certainly represents an
invaluable opportunity to study the
molecular mechanisms responsible for the

generation of cryoglobulins and their
associated tissue lesions, and also to assess
various therapeutic approaches. Our
demonstration that anti-idiotypic mAb
can prevent the pathogenic effects of the
cryoprecipitable IgG3 RF mAb suggests
strongly that such a therapeutic approach
might be successful in similar diseases in
man.

(Ann Rheum Dis 1993; 52: S48-S54)

Cryoglobulins are immunoglobulins which
precipitate at temperatures lower than 37°C
with resolution upon warming. -3 Since their
initial characterisation by Lerner et all it has
been recognised that they are not a single
distinct group of immunoglobulins but have
heterogeneous composition and physical
properties. Cryoglobulins can be classified into
three types3 according to the presence in the
cryoprecipitate of monoclonal immuno-
globulins (type I), both monoclonal and
polyclonal immunoglobulins (type II), or
polyclonal immunoglobulins with or without
other serum proteins or exogenous antigens
(type III). Monoclonal type I cryoglobulins are
mostly associated with various lymphopro-
liferative disorders. Mixed type II or type III
cryoglobulins are often found in serum from
patients with autoimmune diseases, such as
systemic lupus erythematosus (SLE) and
rheumatoid arthritis, or with a variety of
chronic infectious diseases.

Clearly, the interaction between immuno-
globulin molecules plays a critical part in the
formation of cryoglobulins as the sole or major
components of a vast majority of cryoglobulins
are immunoglobulins. The demonstration of
rheumatoid factor (RF) activity or anti-
idiotypic-like activity, or both, in IgM present
in mixed cryoglobulins suggests the
involvement of immune mechanisms in the
generation ofmixed cryoglobulins. However,
one should be cautious about the fact that
mixed cryoglobulins can be generated after in
vitro, but not in vivo, interaction of low affinity
IgM RF with IgG complexes during the
incubation of serum samples in test tubes at
4°C to isolate cryoglobulins. The molecular
mechanisms responsible for the generation of
type I monoclonal cryoglobulins are less clear.
Available data suggest that several different
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Table 1 Selective concentration ofIgG3 in three different sources of murine cryoglobulins

Cryoglobulins* Cryoglobulins v serumt

IgM (/) IgGI (/) IgG2a (/) IgG2b (%) IgG3 (0)

MRL-lpr/lpr <1 <1 <1 < 1 10
Lipopolysaccharide induced 2 < 1 < 1 < 1 15
Malaria induced 1 <1 <1 < 1 8

*MRL-lpr/lpr: 4 months of age. Lipopolysaccharide induced: 15 days after the injection of 50
,ig of Salmonella minnesota R595 LPS in BALB/c mice. Malaria-induced: 12 days after the
injection of malaria in BALB/c mice.
tCryoglobulin concentration of each immunoglobulin (Ig) isotype is expressed as a percentage
of their serum concentration by the following formula:
,.x 100(%)

mechanisms may be operative depending upon
the particular cryoimmunoglobulins. Certain
monoclonal immunoglobulins seem to form
cryoprecipitates by self association of
immunoglobulin molecules through non-
specific physicochemical interaction,7-9 though
a common physicochemical mechanism
underlying such interactions has not been
elucidated. An alternative, intriguing hypo-
thesis is that cryoglobulins represent temp-
erature sensitive immunological interactions
between the Fab region of the cryoprotein and
antigenic determinants on the same

molecules-that is, an autoantibody-like
reaction, as shown in two cases of monoclonal
IgM cold agglutinins.10 11 It is of interest to
note that similar cold agglutinins with
cryoglobulin activity can be induced in mice
after immunisation with bacterial poly-
saccharide antigen."
The presence of cryoglobulins could result in

a wide range of vascular, renal, and neuro-

logical complications,3 depending on their
relative concentrations, their temperature
dependent solubility, and the nature and
type of proteins involved. However, the
mechanisms involved in the induction of the
cryoglobulin associated disease have not yet
been well defined. This situation is at least
partly due to the scarcity of relevant
experimental models. Ideally, models of
cryoglobulinaemia should reproduce the
characteristics of one or another type of
cryoglobulins and some of the main
pathological features usually seen in severe
human cryoglobulinaemia. In this article we
will focus on a unique physicochemical
property of murine IgG3, which exhibit a

cryoglobulin activity and can induce
cryoglobulin associated tissue lesions, and
discuss the role of IgG3 cryoglobulins in the
pathogenesis of murine SLE, particularly in
MRL-lpr/lpr mice.

Cryoglobulin activity ofmurine IgG3
MRL-lpr/lpr autoimmune mice spontaneously
develop a lupus-like syndrome characterised by
unique immunopathological manifestations,
such as arthritic-like lesions, necrotising
vascular lesions of the skin of ears and foot
pads, and severe glomerulonephritis.13 15 In
parallel, they produce the most remarkable
amounts of cryoglobulins among several SLE-
prone mice, such as (NZBXNZW)Fl or BXSB
mice.'3 14 Although cryoglobulins from MRL-

lpr/lpr mice are composed almost exclusively
of IgG of polyclonal origin, the striking
observation is that they are markedly enriched
in IgG3, as compared with other IgG sub-
classes (table 1). This preferential precipitation
of IgG3 in polyclonal cryoglobulins is not seen
exclusively in autoimmune MRL-lpr/lpr mice
but can also be found in non-autoimmune
mice after polyclonal stimulation ofB cells with
bacterial lipopolysaccharides or infection with
malaria parasites.14 The absence of specific
concentrations of anti-lipopolysaccharide,
anti-malaria, or anti-DNA antibodies in each
model of cryoglobulinaemia excludes a
possible involvement of idiotype-anti-idiotype
interaction in the generation of these
cryoglobulins.
As IgG3 are selectively concentrated in

spontaneous and induced cryoglobulins it is
likely that the self association and subsequent
cryoprecipitation of murine IgG3 molecules is
the principal mechanism responsible for the
generation of cryoglobulins in mice. To
consider this question we used IgG3 mono-
clonal antibodies (mAbs) from autoimmune
MRL-lpr/lpr and (NZBXNZW)F1 mice to
assess their ability to generate cryoglobulins.
Twenty eight of 32 mAbs, independently of
their immunological specificities, generated
cryoglobulins, each composed exclusively of
IgG3 mAb without the involvement of any
other antigens.14 16 17 The cryoglobulin activity
of IgG3 is not a phenomenon unique to
autoimmune mice, because five of eight IgG3
anti-dinitrophenyl mAbs derived from non-
autoimmune mice similarly develop
cryoglobulins.'i Such an activity of IgG3 mAb
has also been noted by others.91-2i The role of
the -y3 constant (C-y3) region for the cryo-
globulin generation has been most directly
demonstrated by immunoglobulin class switch
variant experiments: the cryoglobulin activity is
gained after the immunoglobulin class switch
of mAb from IgM to IgG3, but lost after the
class switch from IgG3 to IgGl.'4 20 21a

All these data clearly indicate that murine
IgG3 have a unique physicochemical property
which allows them to self associate through
non-immunological -y3 Fc-Fc interaction, and
that most of them can generate monoclonal
cryoglobulins, independently of their speci-
ficities and origins. This unique property of
murine IgG3 to self associate is, however, not
limited to cryoprecipitating mAbs. In fact, both
cryoprecipitating and non-cryoprecipitating
IgG3 mAbs can interact with each other, in a
quantitatively similar manner, but not with
other IgG subclasses.14 18 22 These non-specific
IgG3-IgG3 interactions would account for the
microaggregate formation noted in the first
described murine IgG3 myeloma protein,
J606.23 The complete identity of the nucleotide
sequences of the C-y3 regions of the non-
cryoprecipitable J606 protein and a
cryoprecipitable IgG3 mAb (clone 6-19)
derived from MRL-lpr/lpr mice24 rules out an
abnormality in the C-y3 region of either
cryoprecipitable or non-cryoprecipitable IgG3
proteins. Thus, clearly, the Cy3 domain is
necessary for the self association of IgG3 mAb
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but not sufficient in itself to determine
cryoprecipitation. Apparently, an additional
factor is required to form the cryoglobulin. In
this regard it should be noted that the
cryoprecipitation of anti-dinitrophenyl IgG3
mAb is completely inhibited after the binding
of monomeric anionic dinitrophenyl-amino
acid conjugates and can be enhanced by the
binding of cationic conjugates.'8 This is
consistent with the idea that electrostatic
interactions are a significant factor in the
precipitation process, as suggested by studies
on human monoclonal cryoglobulins.7 8 25 It is
not surprising that the determination of the
isoelectric point of human monoclonal
cryoglobulins7 8 and murine IgG3 cryo-
globulins'8 failed to show differences between
cryoimmunoglobulins and non-cryoimmuno-
globulins, even if such differences exist,
because the presence of only a few electrostatic
contacts may be all that is necessary to produce
abnormal solubility properties. Therefore, it is
likely that the physicochemical behaviour of
the C-y3 region is related to the self associating
property of the IgG3 molecule, but that the
presence of certain clusters of charged domains
in its Fab portion determines its cryoglobulin
activity.
The molecular basis for the peculiar self

associating activity of murine IgG3 remains
unclear. One attractive hypothesis suggests a
role for a carbohydrate side chain attached to
the immunoglobulin. In fact, the presence of a
carbohydrate side chain on the VH region of a
cryoprecipitating human monoclonal IgG has
been shown to contribute to its cold
insolubility.26 Furthermore, the glycosylation
of some proteins has been shown to decrease
their solubility as a result of the formation of
new intermolecular contacts.27 In this regard it
is particularly interesting to note the
demonstration of a unique N-linked
glycosylation site in the CH3 domain of
murine IgG3, which is absent in other IgG
isotypes.28 Possibly, the presence of the
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Figure 1 Representative histological appearance ofskin lesions after the intraperitoneal
injection of 6-19 IgG3 rheumatoidfactor hybridoma cells. Leucocytoclastic vasculitis is

characterised by the infiltration ofpolymorphonuclear leucocytes and the extravasation of

erythrocytes.

carbohydrate side chain may produce
additional electrostatic contacts between the
charged sialic acid residues and a positively
charged residue(s) present in the IgG3
molecules, or the C-y3 region may have a
lectin-like sequence that interacts with the
carbohydrate chain present in the CH3
domain. An alternative hypothesis is that there
may exist, in the Cy3 region, complementary
amino acid sequences responsible for IgG3 self
association, similar to these described for T15
self binding antibodies.29

Induction ofcryoglobulin associated
tissue lesions by IgG3 cryoglobulin mAbs
As most IgG3 mAbs, independently of their
specificities, form cryoglobulins, we explored
whether cryoprecipitable IgG3 mAbs can
provoke tissue lesions in normal mice after
intraperitoneal injection of hybridomas which
secrete IgG3. One of the monoclonal IgG3
RFs specific for IgG2a, clone 6-19, induced
the most remarkable disease.'6 Five to seven
days after the injection of 6-19 IgG3 RF
hybridoma into normal mice, vascular
purpura, which is the most common manifes-
tation in patients with cryoglobulinaemia,3
developed in the skin of the ears, tails, and foot
pads, which are not well protected by hair from
thermic variations. Histological examination of
the skin lesions showed an intracapillary
precipitation of cryoglobulins associated with
an extensive infiltration of polymorphonuclear
leucocytes around the vessels and into the
subcutaneous tissue, and a massive extra-
vasation of erythrocytes (fig 1). Moreover,
the 6-19 mAb induced a severe acute
glomerulonephritis (fig 2). At the initial phase,
predominant glomerular lesions were charac-
terised by exudation of polymorphonuclear
leucocytes and a mild increase in glomerular
cellularity. Then a progressive accumulation of
cryoglobulins in the subendothelial spaces of
glomerular capillary walls led to the formation
ofglomerular lesions resembling the 'wire loop'
lesion,'7 characteristically described for lupus
nephritis. In a further advanced case a
disseminated plugging of glomerular capill-
aries by voluminous cryoglobulins, often
obstructing the capillary lumen, was noted.
The generation of wire loop lesions by the 6-19
RF mAb in immunoglobulin deficient mice30
supports the idea that the direct localisation of
6-19 monoclonal cryoglobulins without the
involvement of immune complex formation is
responsible for the development of such
lesions.
As the 6-19 mAb has both anti-IgG2a RF

and cryoglobulin activities, it is important to
determine the role of each activity in the
pathogenicity of the 6-19 mAb. To answer this
question we produced a 6-19-J558 hybrid
antibody, composed of 6-19 y3 heavy chains
and J558 XI light chains, which retained the
cryoglobulin activity, but had lost the anti-
IgG2a RF activity.30 Mice injected with this
hybrid antibody developed glomerular lesions
as severe as those induced by the 6-19 mAb,
but completely failed to develop skin vascular
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lesions (table 2). This strongly suggests t
different pathological mechanisms govern
development of each tissue lesion: both RF E

cryoglobulin activities are required to ind
cutaneous vascular lesions, whereas
cryoglobulin activity alone is sufficient to ca
glomerular lesions. This conclusion is furt
supported by the fact that the depletion of
corresponding autoantigen, IgG2a, in mice
treatment with antibodies to IgM from bi
also prevents the development of skin but
glomerular lesions after injection of 6
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Figure 2 Histological
findings ofglomerular
lesions in mice after the
intraperitoneal injection of
6-19 IgG3 rheumatoid
factor hybridoma cells. Note
the infiltration of
polymorphonuclear
leucocytes and increased
glomerular cellularity at the
initialphase (A;
haematoxylin and eosin)
and the presence of deposits
positiveforperiodic
acid-Schiff reagent (PAS)
along the glomerular
capillary walls, resembling
'wire loop' lesions (B;
PAS). Far advanced
glomerular lesions are
characterised by the
voluminous deposition of
PAS positive materials
which nearly occlude the
capilary lumen (C; PAS).
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Table 2 Pathogenic activity of 6-19 mAb* and its
variants

mAb Isotype Activities Lesions

RF* Cryoglobulin Skin Kidney

6-19 IgG3 + + + +
6-19 IgGl + - - -

6-19-J558X1 IgG3 - + - +

*mAb=monoclonal antibody; RF=rheumatoid factor.

not mAb.30 The involvement of RF, possibly
-19 subsequent immune complex formation and

complement activation, in the generation of
cryoglobulin associated skin vascular lesions
would explain the fact that none of the non-RF
IgG3 monoclonal cryoglobulins, including
anti-DNA mAbs, induce skin lesions, probably
because insufficient amounts of the corres-
ponding autoantigens are present in the
circulating blood of non-autoimmune mice to
form immune complexes. In addition, we have
noted that an IgGI class switch variant ofIgG3
6-19 mAb, which loses the cryoglobulin
activity, fails to generate both skin and
glomerular lesions (table 2).21a This indicates
that the cryoprecipitating activity of IgG3 RF

t mAb plays a crucial part in the development of
skin vasculitis and glomerulonephritis induced
by IgG3 RF mAb. This is consistent with our
recent finding that among a panel of anti-
IgG2a RF mAbs of different immunoglobulin
isotypes, only the RF mAbs able to
cryoprecipitate-all from the IgG3 subclass-
can induce skin and glomerular lesions.24 In
addition, the fact that the pathogenicity of
autoantibodies is dramatically influenced by

* the immunoglobulin constant region supports
the importance of subpopulation(s) of
autoantibodies in the pathogenesis of
autoantibody mediated tissue lesions.

It should be emphasised that certain IgG3
cryoglobulin mAbs cause only minimal
glomerular changes,16 17 21 though their serum
concentrations of cryoglobulins are compar-

3js able or even higher than those of mice injected
with pathogenic IgG3 mAb (table 3). This
would well explain the fact that the quantity of
circulating cryoglobulins does not always
correlate with the degree of nephropathy in

\ patients with cryoglobulinaemia.31 This
suggests that qualitative features of cryo-
globulins are critical in the nephritogenic
activity of IgG3 cryoglobulins. As there is no
mutation in the C-y3 region of the most
pathogenic 6-19 mAb,24 one may postulate that
a unique sequence present in the V regions may
determine the nephritogenic activity of IgG3
cryoglobulins. In this context it should be
repeated that the electrostatic charges in the V
regions can markedly influence the cryo-
globulin activity of IgG3.'8 Accordingly, the

* acquisition or loss of charged amino acid
residues as a result of somatic mutations in
autoantibodies during the course of auto-
immune responses, as reported in the case of

W antibodies to DNA in MRL-lpr/lpr mice,32 may
create more pathogenic cryogenerating
autoantibodies. Alternatively, possible differ-
ences in the structure of carbohydrate side
chains present in the CH3 domain of IgG3
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Table 3 Mean (SD) serum IgG3 and cryoglobulin concentrations, and development of
skin and glomerular lesions in mice injected with various IgG3 hybridoma cells

mAb* Specificity Serumt Lesions

IgG3 Cryoglobulin Skin Kidney
(mg/ml) (1lg/ml)

6-19 RF 33(06) 43(17) + +
AM16 RF 1-8 (0-6) 14 (3) + +
5-7B RF 6-1 (1-7) 29 (10) + +
1-10B4 RF 12-0 (3-8) 55 (31) + +

SH-11 Anti-DNA 2-2 (1 0) 6 (2) - +
9-20 5-4 (1-3) 534 (60) - +
9-83 2-9 (0 8) 31 (7) - +

2-2G ? 32-0 (6 4) 1560 (760) -

9-44 14 8 (4 4) 660 (70) -

*Hybridoma cells (1O') were injected intraperitoneally into normal mice. 6-19, AM1 6, 5-7B, and
1 - 1OB4 hre anti-IgG2a RF mAbs derived from MRL-ipr/lpr mice, 16 24 SH-1 1 is an anti-DNA mAb
from (NZBXNZW)Fl hybrid mice,'7 and the specificities of the other mAbs are unknown.
tSerum concentrations of IgG3 (mg/ml) and cryoglobulins (gg/ml) at death.

Table 4 Inhibition of 6-19 rheumatoidfactor monoclonal
antibody (mAb) induced tissue lesions by anti-idiotypic
6-19mAb

Pretreatment* Serumt Lesions

IgG3 Cryoglobulin
(mg/ml) (mg/ml)

Anti-idiotype 3-4 (0-5) <0 1 0/20
Control 15-3 (1-1) 1-6 (0-2) 20/20

*20 mg of anti-6-19 idiotypic or control mAbs was injected
intraperitoneally to BALB/c mice six hours before
intraperitoneal injection of 20 mg of 6-19 mAb. Mice were
killed 18 hours after the 6-19 mAb injection.
tMean (SD) serum concentrations of IgG3 and cryoglobulins
(mg/ml) were determined at death.

antibodies may have a determining role for the
nephritogenic activity of IgG3 cryoglobulins.
Clearly, the identification of the molecular
substrate responsible for the nephritogenic
activity of IgG3 cryoglobulin mAb is of
paramount importance in understanding
molecular and cellular mechanisms responsible
for the development of cryoglobulin associated
tissue lesions in patients with autoimmune
diseases such as SLE, rheumatoid arthritis, and
related rheumatic diseases.

Therapeutic approaches ofmurine
monoclonal cryoglobulinaemia
The experimental model of cryoglobulinaemia
associated with vascular and glomerular
disease, described above, provides an excellent
opportunity to evaluate various therapeutic
approaches based on interference at different
levels of the essential pathogenic pathways.
One of the approaches we undertook was to
investigate the possibility of modulating, with
a monoclonal anti-idiotypic (anti-Id) antibody,
the development of cryoglobulinaemia and
tissue lesions induced by the 6-19 mAb." The
cryoprecipitation of the 6-19 mAb in vitro was
completely and specifically inhibited in the
presence of an excess of an anti-Id mAb
specific for the 6-19 mAb. One may postulate,
to explain this inhibitory phenomenon, that a
modification of the electrostatic equilibrium of
the 6-19 mAb due to interaction with the anti-
Id mAb is responsible for the inhibition of 6-19
cryoprecipitation, as in the case of inhibitory
activity of charged hapten molecules on
cryoprecipitation of IgG3 anti-hapten mAb."8

Alternatively, modification of the spatial
conformation of antibodies by the binding of
anti-idiotype, as shown by electron micro-
scopy34 may weaken non-specific IgG3 self
association, thereby inhibiting the subsequent
cryoglobulin formation.

Strikingly, pretreatment of mice with the
anti-Id mAb completely protected them
against the development of cryoglobulin
associated skin and glomerular lesions induced
by the IgG3 6-19 RF mAb (table 4). As shown
by markedly reduced levels of circulating IgG3
6-19 mAb and increased uptake of 6-19 mAb
by the liver in anti-Id pretreated mice in
comparison with control mice,33 an enhanced
clearance of IgG3 6-19 mAb, as a result of Id-
anti-Id complex formation, seems to be the
major mechanism of protection. Moreover,
inhibition of the 6-19 mAb cryoprecipitation in
the presence of a large excess of anti-Id mAb
might also contribute to protection in vivo. Our
results suggest that the therapeutic approach
with anti-Id mAb might be successful in similar
vascular diseases in man. This might be
considered in the future using anti-Id anti-
bodies against the monoclonal component
of cryoglobulins. Such antibodies could
efficiently eliminate not only the monoclonal
component from the circulating blood, but also
idiotype positive B cells, as shown in the
treatment ofB cell lymphomas.35 36

In addition to the anti-Id approach, we
explored the possibility that non-cryogen-
erating IgG3 mAb might inhibit IgG3
cryoglobulin formation as a result of non-
specific interaction between cryoprecipitating
and non-cryoprecipitating IgG3 antibodies,
and thus inhibit the development of the tissue
lesions induced by the IgG3 RF monoclonal
cryoglobulin." In fact, excess amounts of non-
cryogenerating IgG3 mAb, including 2-6D
antinuclear autoantibody, did inhibit the
cryoprecipitation of cryogenerating IgG3 mAb,
and pretreatment with non-cryogenerating
IgG3 mAb prevented the development of
tissue lesions induced by the 6-19 RF
monoclonal cryoglobulin. The lack of
inhibitory effect by F(ab')2 fragments of non-
cryoprecipitating mAbs clearly indicates that
the observed inhibition was not caused by a
specific immunological interaction between
cryogenerating and non-cryogenerating IgG3
mAbs. It is likely that because molecules of
cryogenerating and non-cryogenerating IgG3
can associate with each other, either in
heterologous or homologous aggregates, in a
quantitatively similar manner, the physico-
chemical properties responsible for the
cryoglobulin formation of these aggregates
would tend to resemble those of the
quantitatively dominant IgG3 mAb in the
complex. Accordingly, excess of the non-
cryogeneraiing component could result in the
inhibition of the cryoprecipitation- of the
cryogenerating one. It should be also
mentioned that in vivo treatment with excess
amounts of non-cryogenerating IgG3 mAb
does not interfere with serum levels of 6-19 RF
mAb or its RF activity. This clearly shows that
the inhibition of cryoglobulin formation plays
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a central part, and differs from the anti-
idiotype induced protection, which results
mostly from the rapid clearance of 6-19 RF
mAb.33

Role ofIgG3 cryoglobulins in
autoinumune pathology ofMRL-lpr/lpr
mice
Demonstration of the pathogenic activity of the
cryoprecipitable monoclonal autoantibodies of
the IgG3 subclass is significant, because it has
long been suggested that cryoglobulins are a
potential source of tissue injuries in SLE,
rheumatoid arthritis, and related autoimmune
diseases.3 The generation of 'wire loop'
glomerular lesions by IgG3 RF and anti-DNA
monoclonal cryoglobulins in the absence of
immune complex formation'7 suggests that
autoantibodies with cryoglobulin activity,
independently of their immunological speci-
ficities, might participate in the pathogenesis of
lupus nephritis. In addition to the results
obtained with mAbs, several facts support the
pathogenic importance of autoantibodies ofthe
IgG3 subclass in murine SLE. Firstly, recent
studies on MRL-lpr/lpr and MRL-lpr/lpr
X(MRL-lpr/lprxC3H-lpr/lpr) backcross mice
have shown a good correlation of IgG3
production with the development of lupus
nephritis, and selective enrichment of IgG3 in
renal eluates from diseased kidneys.37 More
recently, we noted that in a new substrain of
MRL-lpr/lpr mice, which develops only
mild glomerular lesions, the production of
cryoglobulins was markedly limited, whereas
overall production of autoantibodies did not
differ significantly from that of conventional
MRL-lpr/lpr mice.37a Secondly, the transfer of
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Figure 3 Comparison ofserum rheumatoidfactor (RF) activities before and after removal
ofcryoglobulins in three different strains of mice bearing the lpr mutation. I O,ul of whole
serum or serum depleted ofcryoglobulins was incubated with 1 ,ug of "2'I labelled aggregated
mouse IgG (AMG) at 4°C overnight. 125I labelledAMG bound to RF was precipitated and
washed three times with phosphate buffered saline by centrifugation at 5000 rpm forfive
minutes in a microfuge. Results are expressed as percentage precipitation of 125I labelled
AMG. The mean values are indicated by the horizontal line. Adaptedfrom reference 42.

the xid (X chromosome linked immune
deficiency) gene, which causes a defect of IgM
and IgG3 production, delayed the
development of lupus nephritis in three
different lupus-prone mice, including MRL-
lpr/lpr mice.340 Finally, the role of cryo-
globulins in the generation of joint lesions in
MRL-lpr/lpr mice has been recently
suggested.4' As shown above, however, it
should be emphasised that some IgG3
autoantibodies, lacking cryoglobulin activity,
can inhibit the development of IgG3 cryo-
globulin associated tissue lesions.22 This
indicates that the balance of formation of IgG3
autoantibodies with or without the cryoglob-
ulin activity may be critical for the
development of IgG3 cryoglobulin mediated
tissue lesions. In this regard, it should be
mentioned that spontaneous production of
IgG3 RF with cryoglobulin activity was found
in most serum samples from lupus prone
MRL-lpr/lpr mice, but rarely in C57BLJ6- and
C3H-lpr/lpr mice (fig 3).42 The lack of
production of cryoprecipitable autoantibodies
with immunopathological consequences may
partly explain the development of only limited
autoimmune disease in C57B1J6 and C3H
mice bearing the lpr mutation.'5

In view of the pathogenic importance of
IgG3 cryoglobulins in murine autoimmune
rheumatic diseases, it should be mentioned
that human IgG3 have physicochemical
properties similar to those of murine IgG3. All
the human IgG3 myeloma proteins studied
undergo a concentration and temperature
dependent aggregation, though not always
cryoprecipitation.43-46 As this aggregating site
seems to be localised in the Fd fragment of the
IgG3 heavy chain,43 the molecular mechanism
of the self association may not be identical in
human and murine IgG3. Nevertheless, such
a physicochemical property of human IgG3
would explain the frequent enrichment ofIgG3
subclass in association with IgM RF in human
mixed cryoglobulins.47 Although one should be
aware of the fact that the qualitative aspect of
cryoglobulins may be critically important for
expression of their pathogenic activities, the
presence of cryoprecipitable autoantibodies
should be reassessed in relation to clinical
manifestations to determine whether cryo-
precipitable autoantibodies are useful and
predictive markers of human rheumatic
diseases.
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